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We study the effects of a doubly charged vector bilepton as well as exotic quarks with charges
5=3 e and −4=3 e on light by light scattering. We examine mass values in the range 0.3–1 TeV,
which would be reached at the planned future linear colliders. We find that such exotic particles,
and particularly the doubly charged vector bilepton, give raise to spectacular deviations from the
respective standard model cross section. The virtual effects arising from these particles would
provide an indirect test to a standard model extension based on SU(3)c  SU(3)L  U(1)X, known
as 3-3-1 model, where they are predicted in a natural way.
Long time ago, light by light scattering was the sub-
ject of theoretical interest in the early attempt of apply-
ing perturbation theory at higher orders [1]. The cross
section has been studied to a large extent afterward [2],
but due to technical diculties its experimental scrutiny
has deserved little attention. Nevertheless, it is possible
that e+e− linear colliders (LC) will be built in the near
future [3]. This class of colliders would also operate in
the γγ and γe modes, oering the unique opportunity
of performing a series of interesting experiments not ac-
cessible at the conventional lepton and hadron colliders.
With the likely advent of LC, light by light scattering
has become the source of renewed interest: recently it
was found that this reaction might be an ecient tool
to detect virtual eects of particles beyond the standard
model (SM) [4]. On this basis, the virtual eects pro-
duced by particles appearing in supersymmetry (SUSY),
left-right models (LRM), and supersymmetric left-right
models (SUSYLR) have been examined in [4,5]. In this
letter we will consider the inclusion of a doubly charged
gauge boson as well as exotic quarks with charges 5=3 e
and −4=3 e. The analysis is applicable to other models
predicting such exotic particles but the main motivation
is a SM extension based on SU(3)c  SU(3)L  U(1)X,
known as 3-3-1 model, where this particles appear nat-
urally [6].
The idea of extending the standard model (SM) by em-
bedding the electroweak gauge group into SU(3)LU(1)X
is prior to the 3-3-1 model. One of the motivations of
this specic version was the need of having a chiral the-
ory of bilepton gauge bosons. 1 Such exotic particles ap-
pear also in an SU(15) grand unied theory with proton-
stability, which has however the drawback of requiring
articial mirror fermions in order to cancel anomalies [7].
In contrast, the 3-3-1 model is attractive mainly for sug-
gesting a possible path to the solution of the flavor prob-
lem: anomaly cancellation is achieved only if one adds
all the fermion families up, instead of the conventional
family by family anomaly cancellation; as a consequence
the number of fermion families must be a multiple of 3,
the number of quark colors. Together with this impor-
tant attribute, the model is interesting because it predicts
spectacular new physics eects which might be observed
at energies to be reached by the next generation of collid-
ers [8]. More explicitly, this SM extension accommodates
the leptons with the following representation under the








 : (1; 3; 0): (1)
In the quark sector two families are represented in a cer-
tain way, while the remaining one must transform in an-
other way. No matter which family is chosen to be repre-
sented dierently, distinct elections are physically identi-
cal. A particular choice consists in representing the rst









ccα : (3; 1;−2=3);
scα : (3; 1; +1=3);
Scα : (3; 1; +4=3);
(2)
whereas the third quark family is represented by bαtα
T α
 : (3; 3; 2=3);
bcα : (3; 1; +1=3);
tcα : (3; 1;−2=3);
T cα : (3; 1;−5=3):
(3)
1Non-gauge vector bileptons may appear in composite and technicolor theories.
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with  = 1; 2; 3 the quark color number. The charge op-
erator is dened by Q=e = 3=2 +
p
38=2 + X , where
3,8 are the usual Gell-Mann matrices, so the new quarks
D, S, and T have charges −4=3 e, −4=3 e, and 5=3 e, re-
spectively. Finally, there are ve additional gauge bosons
besides those of the SM: a pair of singly charged gauge
bosons U, a pair of doubly charged ones U, and a
neutral one Z 0. In the minimal version, to accomplish
symmetry breaking, three Higgs triplets , , and  as
well as one Higgs sextet  are needed. The triplet 
breaks SU(3)c  SU(3)LU(1)X down to the SM gauge
group, giving masses to the the exotic quarks and also
to the ve additional gauge bosons. The nal stage in
symmetry breaking is done by the additional Higgs mul-
tiplets ,  and , which break the electroweak gauge
group to Ue.
It is evident that the most distinctive signal of the 3-3-
1 model might be given by the doubly charged bilepton
and the exotic quarks. Studies derived from low energy
data show that the masses of the doubly charged boson
and that of the exotic quarks might lie below the TeV
scale. In particular, from constraints on the electroweak
parameters it was found that 230 GeV  MU±±  800
GeV [8], whereas LEP searches for SUSY particles give
the bound MD,S,T  250 GeV [9]. Recently, the more
stringent bound MU±±  850 GeV was derived from
muonium-antimuonuim conversion, which would disfavor
the minimal 3-3-1 model but not the versions with an
extended Higgs sector [10]. Furthermore, since in ob-
taining this bound it was assumed that the couplings of
bileptons to leptons are given by the identity matrix, it
has been argued that less stringent bounds are not ruled
out [11]. In the present letter we will consider the more
conservative mass range 0.3{1 TeV for both the doubly
charged bileptons and the exotic quarks, as this range
will be of interest at the future LC.
The amplitude of light by light scattering is contribut-
ed by loops with the charged particles of a particular
model. In addition to the SM loops, an extended model
might produce virtual eects through contributions com-
ing from scalar bosons, fermions, or vector bosons. Such
contributions will depend exclusively on the mass and
electric charge of the new particles. This feature allows
us to examine in a model independent way the virtual
eects arising from some kind of exotic particles. These
eects would manifest as deviations from the SM cross
section. Light by light scattering turns out to be useful
because the amplitude contributed by a specic particle
is proportional to the electric charge factor Q4. As a re-
sult the cross section might be dramatically enhanced if
there were involved particles with charge greater than the
one of the positron, in terms of absolute values. More-
over, the factor Q4 is very useful to distinguish clearly
between the contributions coming from particles with the
same spin and approximately the same mass but a dif-
ferent electric charge.
The cross section for light by light scattering can be
obtained thoroughly by the use of the helicity amplitudes
for loops with scalar bosons, fermions or gauge bosons,
whose expressions in terms of scalar functions are well
known [2,4]. We have used the FF numerical routines
[12] to evaluate the involved scalar function. To consider
the observable cross section, the integration over the scat-
tering angle  was constrained to j cos j  30o. In Figs.
1{4 we have plotted the unpolarized cross sections which
are obtained when each new particle predicted by the 3-
3-1 model is included besides the SM particle content.
In all these graphs the resulting cross section deviates
from the SM one at the threshold
p
s  2MNew, with
MNew the mass of the new particle. This is understood
from the fact that the additional contribution originates
predominantly from the interference between the SM am-
plitude ASM and the one of the new particle ANew. Then
the new cross section will deviate from the SM one by
the quantity 2Re(ASMANew), which is approximately the
same as 2Im(ASM)Im(ANew), since at high energies the
SM amplitude is almost purely imaginary. Another in-
teresting point to note from the plots is that the most
distinctive eects come from the doubly charged vector
bilepton, which dominates even to the exotic quarks con-
tribution, whose amplitude gets also enhanced by an ad-
ditional factor corresponding to the quark color number.
On the other hand, the less spectacular eects arise from
a singly charged bilepton gauge boson, which together
with a doubly charged scalar bilepton have been previ-
ously studied in the context of LRM and SUSYLR [5].
The viability of using light by light scattering to search
for SUSY particles has been examined with detail in
[4]. It was shown that under the conditions expected
at the planned LC, the unpolarized cross section would
be sensitive enough to allow the detection of contribu-
tions coming from charginos and sleptons. It is clear
that, due to the enhancement produced by their charge,
the detection of the exotic particles predicted by the 3-
3-1 model is more promising than for SUSY particles.
In this respect, in searching for exotic particles at the
present and future colliders, direct production might be
a viable mode. However, any theoretical analysis done in
this direction has the disadvantage of requiring many as-
sumptions about unknown model-dependent parameters.
For instance, if direct production of bileptons is involved,
one must consider parameters such as their couplings to
leptons, the mass value of the extra neutral boson MZ′ or
the Z − Z 0 mixing angle [13]. This unpleasant situation
also arise in considering indirect search modes such as
Mller and Bhabha scattering, which at tree level receive
the contribution of a doubly charged bilepton through the
u channel. Furthermore, an experimental study of direct
production must consider the respective backgrounds. In
contrast, in light by light scattering the only unknown pa-
rameter is the mass of the exotic particle. Although the
respective cross sections are smaller than the ones pre-
dicted in another reactions, the facilities which might be
oered at LC would permit to use light by light scatter-
ing as an alternative method to search for particles such
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as bileptons or exotic quarks.
By way of illustration, we show through Figs 5{7 the
γγ ! γγ unpolarized cross section for some scenarios
which may arise in the 3-3-1 model. We have assumed
a simple situation in which the three exotic quarks have
a mass MQ, whereas both vector bileptons have another
mass MU . Such scenarios are very restrictive but we only
want to show how spectacular is the enhancement pro-
duced by the model. The most dramatical case is that
shown in Fig. 5, where the doubly charged bilepton has
a mass MU++ = 300 GeV. The respective cross section
is one order of magnitude above than the SM one. Al-
though the doubly charged bilepton might produce spec-
tacular eects by itself in this and in many other pro-
cesses, its detection would not be a sucient evidence
to support the 3-3-1 model. Further probes would be
needed instead. In this respect, a process such as light
by light scattering might be an useful tool to test indi-
rectly some details of the model. Since both the bileptons
and the quarks enhance importantly the cross section, the
experimental study of light by light scattering might pro-
duce evidence of the existence of these particles. Indeed,
it would allow particle number counting, which would be
a test for the model. Of course, If none deviation from
the SM cross section is observed in a certain range of en-
ergy, this fact would be an indication that the masses of
the exotic particles are not in that range.
In closing, we stress that light by light scattering oers
an interesting mode to search indirectly for exotic parti-
cles, for instance the ones predicted by the 3-3-1 model,
at the future LC. In particular, doubly charged vector
bileptons give rise to the most spectacular eects. If LC
become a reality, light by light scattering might aid to
elucidate which is the appropriate choice to extend the
SM.
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MQ=300 GeVMQ=450 GeVMQ=600 GeVMQ=750 GeVMQ=900 GeV
FIG. 5. Unpolarized cross section for γγ ! γγ scattering in the 3-
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MQ=300 GeVMQ=450 GeVMQ=600 GeVMQ=750 GeVMQ=900 GeV
FIG. 7. The same as in Fig. 5 for the
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